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(57) To facilitate a preheating operation in a vacuum
degassing apparatus having a flow path of a glass melt
in an uprising pipe, a vacuum degassing vessel and a
downfalling pipe constituted by a refractory material.

Flow of a glass melt G between a melting vessel 100
and an upstream pit 210 of a first conducting pipe struc-
ture connected to a vacuum degassing vessel 320 is shut

off, and in a state where the flow of the glass melt G in
a by-pass 500 for the glass melt G is shut off by a first
closing means 220, a combustion gas from preheating
burners 530, 540 is introduced to the by-pass 500 to pre-
heat the flow path of the glass melt G in an uprising pipe
330, the vacuum degassing vessel 320 and a downfalling
pipe 340.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a glass melt
production apparatus, a glass melt production method,
a glass product production apparatus, and a glass prod-
uct production method.

BACKGROUND ART

[0002] A glass plate to be used for buildings, for vehi-
cles, for flat panel displays, etc., is produced by heating
and melting a raw material prepared in a predetermined
blend ratio in a melting vessel to obtain a glass melt,
refining the glass melt and forming it into a glass plate
having a predetermined thickness e.g. by a float process,
and cutting the obtained glass plate into a predetermined
shape.
[0003] Refining is an operation to remove bubbles re-
maining in the glass melt and is carried out to improve
the quality of a glass plate to be produced. As a refining
means, a vacuum degassing apparatus has been known,
in which a glass melt is introduced to a vacuum degassing
vessel, the interior of which is maintained in a predeter-
mined degree of vacuum, whereby bubbles in the glass
melt continuously flowing in the vacuum degassing ves-
sel are made to grow and to float up in the glass melt
employing their buoyancy, and are broken at the surface
of the glass melt and removed. Patent Document 1 dis-
closes an example of such a vacuum degassing appa-
ratus. Fig. 4 is a side sectional view illustrating a vacuum
degassing apparatus in Patent Document 1.
[0004] The vacuum degassing apparatus 10 shown in
Fig. 4 is used to a process of vacuum degassing a glass
melt G in a melting vessel 20 and continuously supplying
the glass melt G to the successive treatment vessel. The
vacuum degassing apparatus 10 has a vacuum degas-
sing vessel 4 horizontally housed in a vacuum housing
12 which is evacuated of air to maintain the inside in a
depressurized state, and has an uprising pipe 16 and a
downfalling pipe 18, housed in both ends thereof so as
to extend vertically downward. The uprising pipe 16 has
a lower end immersed in the glass melt G in an upstream
pit 22 which communicates with the melting vessel 20,
and has an upper end communicating with the vacuum
degassing vessel 14, and makes the glass melt G before
degassing be drawn up from the upstream pit 22 into the
vacuum degassing vessel 14. The downfalling pipe 18
similarly has a lower end immersed in the glass melt G
in a downstream pit 24 which communicates with the
successive treatment vessel (not shown), and has an
upper end communicating with the vacuum degassing
vessel 14, and makes the glass melt G after degassing
be drawn down from the vacuum degassing vessel 14
and leads it out to the downstream pit 24. In the vacuum
housing 12, heat-insulating material 30 such as bricks
for thermal insulation is provided around the vacuum de-

gassing vessel 14, the uprising pipe 16 and the down-
falling pipe 18.
[0005] In the vacuum degassing apparatus 10 shown
in Fig. 4, the flow path of the glass melt in the vacuum
degassing vessel 14, the uprising pipe 16 and the down-
falling pipe 18 is constituted by a refractory material (such
as electro-cast bricks) less expensive than a noble metal
such as platinum, and accordingly as compared with a
vacuum degassing apparatus in which such constituents
are made of a noble metal, it is possible to make such
constituents large, for example, it is possible to increase
their diameters, whereby a vacuum degassing apparatus
with a large capacity can be constituted.
[0006] However, if such constituents are constituted
by a refractory material, the following problems may
arise. That is, it is necessary to prevent a temperature
decrease of the glass melt G which is first drawn up from
the upstream pit 22 and introduced to the vacuum de-
gassing vessel 14, when operation of the vacuum degas-
sing apparatus for the glass melt G is started, and at
worst, it is necessary to prevent the glass melt G from
being cooled and solidified. Accordingly, it is necessary
to preheat the vacuum degassing vessel 14, the uprising
pipe 16, the downfalling pipe 18, etc. before the glass
melt G is introduced. If such constituents are made of a
noble metal, preheating is possible by applying an elec-
tric current to such constituents to cause self-heating,
that is, by current-applying heating. However, if such con-
stituents are constituted by a refractory material, they
cannot be preheated by current-applying heating, and it
is necessary to provide a heat source for preheating.
[0007] The vacuum degassing apparatus 10 shown in
Fig. 4 has a preheating apparatus comprising preheating
burners 38 and 40 provided on the lower ends of the
uprising pipe 16 and the downfalling pipe 18, and an ex-
haust pipe 42 disposed so as to communicate with the
upper end of the vacuum degassing vessel 14.
[0008] In Patent Document 1, preheating of the vacu-
um degassing apparatus 10 is carried out as follows.
[0009] Before the vacuum degassing apparatus 10 is
operated, the entire vacuum degassing apparatus 10 is
lifted up so that the lower ends of the uprising pipe 16
and the downfalling pipe 18 are apart from the liquid level
of the glass melt G in the upstream pit 22 and the down-
stream pit 24. Therefore, no glass melt G is present in
the interior of the vacuum degassing vessel 14, the up-
rising pipe 16 and the downfalling pipe 18. In such a state,
the preheating burners 38 and 40 are provided at the
lower ends of the uprising pipe 16 and the downfalling
pipe 18, and a combustion gas from the preheating burn-
ers 38 and 40 is introduced from the uprising pipe 16 and
the downfalling pipe 18. By the combustion gas, the inner
surface of the vacuum degassing vessel 14, the uprising
pipe 16 and the downfalling pipe 18 is preheated. The
combustion gas used for preheating is discharged from
the exhaust pipe 42 constituted so as to communicate
with the upper end of the vacuum degassing vessel 14.
When preheating is conducted, covers 23 and 25 are

1 2 



EP 3 173 384 A1

3

5

10

15

20

25

30

35

40

45

50

55

provided on open portions on the upper side of the up-
stream pit 22 and the downstream pit 24.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0010] Patent Document 1: JP-A-11-240727

DISCLOSURE OF INVENTION

TECHNICAL PROBLEM

[0011] Patent Document 1 discloses preheating before
start of operation of the vacuum degassing apparatus
10. Further, the above preheating operation is necessary
also when production of the glass melt is suspended for
some reason and then production of the glass melt is
started again. In such a case, the liquid level of the glass
melt G in the upstream pit 22 and the downstream pit 24
is elevated as compared with that before start of opera-
tion of the vacuum degassing apparatus 10. Accordingly,
the vacuum degassing apparatus 10 is lifted up until the
lower ends of the uprising pipe 16 and the downfalling
pipe 18 are completely apart from the liquid level of the
glass melt G in the upstream pit 22 and in the downstream
pit 24, and then the preheating burners 38, 40 are dis-
posed at the lower ends of the uprising pipe 16 and the
downfalling pipe 18. Such operation is troublesome in
terms of the structure of the apparatus and in terms of
the time required for the preheating operation. Further,
after completion of preheating, an operation to remove
the burners 38, 40 from the lower ends of the uprising
pipe 16 and the downfalling pipe 18 is also necessary.
[0012] As described above, in a case where the vac-
uum degassing vessel 14, the uprising pipe 16 and the
downfalling pipe 18 are constituted by a refractory ma-
terial, it is desired to increase the size of such constituents
for the purpose of constituting a vacuum degassing ap-
paratus with a large capacity, and the above-mentioned
problems in terms of the structure of the apparatus and
problems in terms of the operation relating to the pre-
heating are particularly remarkable.
[0013] Under these circumstances, the object of the
present invention is to facilitate a preheating operation
in a vacuum degassing apparatus having a flow path of
a glass melt in an uprising pipe, a vacuum degassing
vessel and a downfalling pipe constituted by a refractory
material.

SOLUTION TO PROBLEM

[0014] The present invention provides a glass melt pro-
duction apparatus, which comprises a melting vessel; a
vacuum degassing apparatus; a first conducting pipe
structure connecting the melting vessel and the vacuum
degassing apparatus; and a second conducting pipe
structure to introduce a glass melt to a forming means,

provided downstream the vacuum degassing apparatus;
the vacuum degassing apparatus having an uprising pipe
through which the glass melt from the melting vessel as-
cends, a vacuum degassing vessel for the glass melt,
and a downfalling pipe through which the glass melt from
the vacuum degassing vessel descends,
at least part of a flow path of the glass melt in the uprising
pipe, the vacuum degassing vessel and the downfalling
pipe being constituted by a refractory material,
the first conducting pipe structure having an upstream
pit to supply the glass melt to the uprising pipe, and
the second conducting pipe structure having a down-
stream pit containing the glass melt from the downfalling
pipe,
wherein the glass melt production apparatus has a third
conducting pipe structure connecting the upstream pit
and the downstream pit;
a first closing means provided on the first conducing pipe
structure, to shut off the flow of the glass melt between
the melting vessel and the upstream pit;
a preheating burner of the vacuum degassing apparatus
disposed at a position from which a combustion gas can
be introduced to the third conducting pipe structure;
a combustion gas introduction means to introduce a com-
bustion gas from the preheating burner to the third con-
ducting pipe structure; and
an exhaust pipe to release the combustion gas, disposed
so as to communicate with the upper end of the vacuum
degassing vessel.
[0015] The glass melt production apparatus according
to an embodiment of the present invention preferably fur-
ther has a second closing means provided on the third
conducting pipe structure, to shut off the flow of the glass
melt in the third conducting pipe structure.
[0016] In the glass melt production apparatus accord-
ing to an embodiment of the present invention, the first
closing means preferably shuts off also the flow of a gas
between the melting vessel and the upstream pit.
[0017] In the glass melt production apparatus accord-
ing to an embodiment of the present invention, the sec-
ond closing means preferably shuts off also the flow of
a gas in the third conducting pipe structure.
[0018] In the glass melt production apparatus accord-
ing to an embodiment of the present invention, it is pre-
ferred that the first closing means is a plate-shape prod-
uct insertable/removal into/from the flow path of the glass
melt in the first conducting pipe structure, and the planar
shape of the plate-shape product is substantially the
same as the cross sectional shape of the first conducting
pipe structure at a portion where the plate-shape product
is inserted.
[0019] In the glass melt production apparatus accord-
ing to an embodiment of the present invention, it is pre-
ferred that the second closing means is a plate-shape
product insertable/removal into/from the flow path of the
glass melt in the second conducting pipe structure, and
the planar shape of the plate-shape product is substan-
tially the same as the cross sectional shape of the third
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conducting pipe structure at a portion where the plate-
shape product is inserted.
[0020] The glass melt production apparatus according
to an embodiment of the present invention may further
have a third closing means provided on the second con-
ducting pipe structure, to shut off the flow of the glass
melt in the second conducting pipe structure.
[0021] Further, according to an embodiment of the
present invention, a glass product production apparatus,
which comprises the glass melt production apparatus of
the present invention, a forming means to form the glass
melt into a formed product, and an annealing means to
anneal the formed product to obtain a glass product, is
provided.
[0022] The present invention further provides a glass
melt production method, which employs a glass melt pro-
duction apparatus comprising a melting vessel; a vacuum
degassing apparatus; a first conducting pipe structure
connecting the melting vessel and the vacuum degassing
apparatus; and a second conducting pipe structure to
introduce a glass melt to a forming means, provided
downstream the vacuum degassing apparatus;
the vacuum degassing apparatus having an uprising pipe
through which the glass melt from the melting vessel as-
cends, a vacuum degassing vessel for the glass melt,
and a downfalling pipe through which the glass melt from
the vacuum degassing vessel descends,
at least part of a flow path of the glass melt in the uprising
pipe, the vacuum degassing vessel and the downfalling
pipe being constituted by a refractory material,
the first conducting pipe structure having an upstream
pit to supply the glass melt to the uprising pipe, and
the second conducting pipe structure having a down-
stream pit containing the glass melt from the downfalling
pipe,
wherein the glass melt production apparatus has a third
conducting pipe structure connecting the upstream pit
and the downstream pit;
a first closing means provided on the first conducing pipe
structure, to shut off the flow of the glass melt between
the melting vessel and the upstream pit;
a preheating burner of the vacuum degassing apparatus
disposed at a position from which a combustion gas can
be introduced to the third conducting pipe structure;
a combustion gas introduction means to introduce a com-
bustion gas from the preheating burner to the third con-
ducting pipe structure; and
an exhaust pipe to release the combustion gas, disposed
so as to communicate with the upper end of the vacuum
degassing vessel,
wherein a combustion gas from the preheating burner is
introduced to the third conducting pipe structure in a state
where the flow of the glass melt between the melting
vessel and the upstream pit is shut off by the first closing
means, to preheat the flow path of the glass melt in the
uprising pipe, the vacuum degassing vessel and the
downfalling pipe, and
wherein after completion of the preheating, the glass melt

is allowed to flow by opening the first closing means, the
pressure in the interior of the vacuum degassing vessel
is reduced to let the glass melt ascend from the upstream
pit through the uprising pipe and flow into the vacuum
degassing vessel, the glass melt is degassed in the vac-
uum degassing vessel, and the degassed glass melt is
let to descend through the downfalling pipe and flow out
from the downstream pit to obtain a glass melt.
[0023] In the glass melt production method according
to an embodiment of the present invention, it is preferred
that the glass melt production apparatus further has a
second closing means provided on the third conducting
pipe structure, to shut off the flow of the glass melt in the
third conducting pipe structure, a combustion gas from
the preheating burner is introduced to the third conduct-
ing pipe structure in a state where the flow of the glass
melt between the third conducting pipe structure and the
upstream pit is shut off by the second closing means, to
preheat the flow path of the glass melt in the uprising
pipe, the vacuum degassing vessel and the downfalling
pipe.
[0024] Further, according to an embodiment of the
present invention, a glass product production method,
which comprises a step of preheating the flow path by
the glass melt production method of the present inven-
tion, a step of producing a glass melt after the preheating
step, a step of forming the glass melt into a formed prod-
uct, and a step of annealing the formed product to obtain
a glass product, is provided.

ADVANTAGEOUS EFFECTS OF INVENTION

[0025] According to the present invention, it is possible
to facilitate a preheating operation in a vacuum degas-
sing apparatus having a flow path of a glass melt in an
uprising pipe, a vacuum degassing vessel and a down-
falling pipe constituted by a refractory material.

BRIEF DESCRIPTION OF DRAWINGS

[0026]

Fig. 1 is a side sectional view illustrating an embod-
iment of a glass melt production apparatus of the
present invention.
Fig. 2 is a partial enlarged view illustrating a portion
of a first conducting pipe structure 200 shown in Fig.
1, where a first closing means 220 is provided.
Fig. 3 is a front sectional view illustrating a portion
of a first conducting pipe structure 200 shown in Fig.
1, where a first closing means 220 is provided, as
observed from the downstream side in a direction of
flow of a glass melt G.
Fig. 4 is a side sectional view illustrating a vacuum
degassing apparatus in Patent Document 1.
Fig. 5 is a flow chart illustrating an embodiment of a
glass product production method of the present in-
vention.
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DESCRIPTION OF EMBODIMENTS

[0027] Now, the present invention will be described
with reference to drawings illustrating an embodiment of
the present invention.
[0028] Fig. 1 is a side sectional view illustrating an em-
bodiment of a glass melt production apparatus of the
present invention.
[0029] The glass melt production apparatus shown in
Fig. 1 comprises a melting vessel 100, a vacuum degas-
sing apparatus 300, a first conducting pipe structure 200
and a second conducting pipe structure 400. In the melt-
ing vessel 100, a glass material is melted to obtain a
glass melt G. In the vacuum degassing apparatus 300,
the interior of which is maintained in a reduced pressure
atmosphere, bubbles in the glass melt G supplied from
the melting vessel 100 are made to float up, broken and
removed. The first conducting pipe structure 200 con-
nects the melting vessel 100 and the vacuum degassing
apparatus 300, and the second conducting pipe structure
400 is provided downstream the vacuum degassing ap-
paratus 300 and introduces the glass melt G to a forming
means (not shown).
[0030] The glass melt G obtained in the melting vessel
100 shown in Fig. 1 is supplied via the first conducting
pipe structure 200 to the vacuum degassing apparatus
300.
[0031] The vacuum degassing apparatus 300 shown
in Fig. 1 has a vacuum housing 310 which is made of a
metal such as stainless steel, the interior of which is main-
tained in a reduced pressure state at a time of operation.
The vacuum housing 310 has a suction port 311 which
reduces the pressure in the interior by vacuum suction,
on the upper right in Fig. 1.
[0032] The vacuum housing 310 has a vacuum degas-
sing vessel 320 accommodated therein so that its long
axis is in a horizontal direction. On the upper part of the
vacuum degassing vessel 320, suction ports 321 and
322 communicating with the vacuum housing 310 are
provided so as to reduce and maintain the pressure in
the vacuum degassing vessel 320 to a predetermined
pressure by vacuum suction of the vacuum housing 310
e.g. by a vacuum pump not shown.
[0033] To a lower face of an end side of the vacuum
degassing vessel 320, an uprising pipe 330 is attached
so as to vertically extend, and to a lower face of the other
end side, a downfalling pipe 340 is attached. The flow
path of the glass melt G in the vacuum degassing vessel
320, the uprising pipe 330 and the downfalling pipe 340
is constituted by a refractory material.
[0034] The uprising pipe 330, the lower end of which
is immersed in the glass melt G in the upstream pit 210
provided on the downstream end of the first conducting
pipe structure 200, makes the glass melt G before de-
gassing be drawn up from the upstream pit 210 into the
vacuum degassing vessel 320. The downfalling pipe 340,
the lower end of which is immersed in the glass melt G
in the downstream pit 410 provided on the upstream end

of the second conducting pipe structure 400, let the glass
melt G after degassing descend from the vacuum degas-
sing vessel 320 and be introduced to the downstream pit
410.
[0035] The vacuum degassing apparatus 300 shown
has extension tubes 350 and 360 attached to the lower
ends of the uprising pipe 330 and the downfalling pipe
340, respectively. The extension tubes 350 and 360 are
hollow cylinders made of platinum or a platinum alloy,
and such extension tubes 350 and 360 are respectively
immersed in the glass melt G in the upstream pit 210 and
the glass melt G in the downstream pit 410. However, in
the vacuum degassing apparatus according to an em-
bodiment of the present invention, the extension tubes
attached to the lower ends of the uprising pipe and the
downfalling pipe are optional constituents, and the upris-
ing pipe and the downfalling pipe constituted by a refrac-
tory material may be respectively immersed in the glass
melt in the upstream pit and the glass melt G in the down-
stream pit.
[0036] An exhaust pipe 370 to release the combustion
gas at the time of preheating is disposed so as to com-
municate with the upper end at the center portion of the
vacuum degassing vessel 320. The exhaust pipe 370 is
air-tightly closed by a cover 380 when the vacuum de-
gassing apparatus 300 is steadily operated, so that the
exhaust pipe will not affect to maintain a predetermined
reduced pressure in the vacuum housing 310.
[0037] The vacuum housing 310 has a heat-insulating
material 390 disposed around each of the vacuum de-
gassing vessel 320, the uprising pipe 330, the downfall-
ing pipe 340 and the exhaust pipe 370.
[0038] The glass melt production apparatus shown in
Fig. 1 has a third conducting pipe structure 500 connect-
ing the upstream pit 210 and the downstream pit 410. To
set up the vacuum degassing apparatus 300, in order to
introduce the glass melt G to the vacuum degassing ves-
sel 320 by vacuum, the glass melt G needs to be present
not only in the upstream pit 210 but also in the down-
stream pit 410. Therefore, at the time of setting up the
vacuum degassing apparatus 300, the third conducting
pipe structure 500 is utilized as a by-pass for the glass
melt G to supply the glass melt G from the upstream pit
210 to the downstream pit 410.
[0039] In the vacuum degassing apparatus according
to an embodiment of the present invention, the flow path
of the glass melt in the vacuum degassing vessel , the
uprising pipe and the downfalling pipe is constituted by
a refractory material, and accordingly the inner surface
of the vacuum degassing vessel, the uprising pipe and
the downfalling pipe constituting the flow path of the glass
melt, is preheated by introducing the combustion gas
from the preheating burner through the uprising pipe and
the downfalling pipe.
[0040] In the vacuum degassing apparatus 300, the
third conducting pipe structure 500 is employed as a path
to introduce the combustion gas from the preheating
burner to the uprising pipe 330 and the downfalling pipe
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340.
[0041] Accordingly, preheating burners 530, 540 are
disposed at positions (in Fig. 1, above the third conduct-
ing pipe structure 500) from which the combustion gas
can be introduced to the third conducting pipe structure
500. The combustion gas from the preheating burners
530, 540 is introduced to the third conducting pipe struc-
ture 500 by combustion gas introduction means 550, 560.
The combustion gas introduced to the third conducting
pipe structure 500 is introduced to the uprising pipe 330
and the downfalling pipe 360 via the upstream pit 210
and the downstream pit 410. Accordingly, at the time of
preheating, it is preferred to provide covers shown by
reference symbols 23 and 25 in Figs. 2, 4 and 5 in Patent
Document 1, on open portions on the upper side of the
upstream pit 210 and the downstream pit 410.
[0042] The vacuum degassing apparatus 300 shown
in Fig. 1 has two preheating burners, however, the
number of preheating burners is not limited thereto and
may be one, or may be three or more. In such a case,
combustion gas introduction means of a number corre-
sponding to the number of the preheating burners may
be provided to introduce the combustion gas from the
preheating burners to the third conducting pipe structure
500.
[0043] The combustion gas introduction means 550,
560 are, for example, hollow pipings made of a refractory
material, since a high temperature combustion gas pass-
es therethrough.
[0044] The vacuum degassing apparatus 300 has a
first closing means 220 on the first conducting pipe struc-
ture 200 so as to shut off the flow of the glass melt G
between the melting vessel 100 and the upstream pit
210. The first closing means 220 is a means to open or
close the flow path of the glass melt G in the first con-
ducting pipe structure 200 by an optional operation. In
Fig. 1, the flow path of the glass melt G in the first con-
ducting pipe structure 200 is closed by the first closing
means 220 to shut off the flow of the glass melt G between
the melting vessel 100 and the upstream pit 210.
[0045] When the vacuum degassing apparatus 300 is
steadily operated, or when the glass melt G is supplied
from the upstream pit 210 via the third conducting pipe
structure 500 to the downstream pit 410 to set up the
vacuum degassing apparatus 300, the flow path of the
glass melt G in the first conducting pipe structure 200 is
opened to let the glass melt G flow from the melting vessel
100 to the upstream pit 210.
[0046] The first closing means is preferably provided
on the first conducting pipe structure 200. The position
where the first closing means is provided is not limited
so long as it can shut off the flow of the glass melt G
between the melting vessel 100 and the upstream pit
210, and may be a portion other than the portion shown
in Fig. For example, the first closing means may be pro-
vided on the upstream side or on the downstream side
of the position shown in Fig. 1 on the first conducting pipe
structure 200. Further, the first closing means may be

provided in the upstream pit 210 constituting a part of the
first conducting pipe structure 200. In such a case, the
first closing means the long axis of which is aligned in a
horizontal direction is provided at a portion lower than a
portion to which the third conducting pipe structure 500
is connected, on the upstream pit 210. The specific struc-
ture of the first closing means 220 will be described here-
inafter.
[0047] As described above, at the time of preheating,
the glass melt G is not present in the interior of the vac-
uum degassing vessel 320, the uprising pipe 330 and
the downfalling pipe 340. Accordingly, it is necessary to
lift up the vacuum degassing apparatus 300 until the low-
er ends of the uprising pipe 330 and the downfalling pipe
340 (in the case of the vacuum degassing apparatus 300
shown in Fig. 1, the lower ends of the extension tubes
350 and 360 attached to the lower ends of the uprising
pipe 330 and the downfalling pipe 340) are completely
apart from the glass melt G in the upstream pit 210 and
the downstream pit 410.
[0048] In the vacuum degassing apparatus 300, at the
time of preheating, the flow of the glass melt G in the first
conducting pipe structure 200 is closed by the first closing
means 220 to shut off the flow of the glass melt G from
the melting vessel 100 into the upstream pit 210, whereby
the liquid level of the glass melt G in the upstream pit 210
is lowered. In such a manner, at the time of preheating,
the liquid level of the glass melt in the upstream pit 210
is as indicated by the dotted line in Fig. 1.
[0049] As described above, in the vacuum degassing
apparatus 300 shown in Fig. 1, the combustion gas from
the preheating burner 530 is introduced to the third con-
ducting pipe structure 500 by the combustion gas intro-
duction means 550, and the combustion gas is intro-
duced to the uprising pipe 330 via the upstream pit 210.
On that occasion, the combustion gas may flow upstream
via the third conducting pipe structure 500 and further
move from the upstream pit 210 toward the direction of
the melting vessel 100 via the first conducting pipe struc-
ture 200. Then, an atmosphere cooler than the temper-
ature of the melting vessel 100 on the downstream side
is introduced to the melting vessel 100, whereby the tem-
perature of the melting vessel 100 is lowered.
[0050] On the contrary, if the atmosphere in the melting
vessel 100 flows downstream, for example, SO2 and car-
bon flow from the melting vessel 100 into the vacuum
degassing vessel 320, thus impairing the quality of glass
products to be produced. Further, flow of the atmosphere
in the melting vessel 100 into the vacuum degassing ves-
sel 320 may damage the extension tubes 350 and 360
made of platinum or a platinum alloy.
[0051] Accordingly, in order to prevent the combustion
gas from the preheating burner 530 from moving toward
the direction of the melting vessel 100 and to prevent the
atmosphere in the melting vessel 100 from flowing into
the vacuum degassing vessel 320, the first closing
means 220 preferably shut off also the flow of a gas be-
tween the melting vessel 100 and the upstream pit 210,
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although it is not essential.
[0052] In the vacuum degassing apparatus 300 shown
in Fig. 1, second closing means 510, 520 are provided
so as to shut off the flow of the glass melt G in the third
conducting pipe structure 500. The second closing
means 510, 520 are means to open or close the flow path
of the glass melt G in the third conducting pipe structure
500 by an optional operation. In Fig. 1, by the second
closing means 510, 520, the flow path of the glass melt
G in the third conducting pipe structure 500 is closed to
shut off the flow of the glass melt G in the third conducting
pipe structure 500. When the glass melt G is supplied
from the upstream pit 210 via the third conducting pipe
structure 500 to the downstream pit 410 to set up the
vacuum degassing apparatus 300, the flow path of the
glass melt G in the third conducting pipe structure 500 is
opened to let the glass melt G flow through the third con-
ducting pipe structure 500.
[0053] However, in the vacuum degassing apparatus
according to an embodiment of the present invention, the
second closing means are optional constituents, and no
second closing means may be provided on the third con-
ducting pipe structure 500.
[0054] In the vacuum degassing apparatus 300 shown
in Fig. 1, two second closing means (510, 520) are pro-
vided. One second closing means 510 is provided on the
downstream side of the combustion gas introduction
means 550, and the other second closing means 520 is
provided on the upstream side of the combustion gas
introduction means 560. By these means, the combus-
tion gas from the preheating burners 530, 540 is intro-
duced to the third conducting pipe structure 500 by the
combustion gas introduction means 550, 560 while the
flow of the glass melt between the third conducting pipe
structure 500 and the upstream pit 210 is shut off. The
combustion gas is introduced to the uprising pipe 330
and the downfalling pipe 340 via the upstream pit 210
and the downstream pit 410.
[0055] For example, in a case where one preheating
burner is provided, it is preferred not to provide the sec-
ond closing means. In such a case, the combustion gas
from the preheating burner is introduced to the third con-
ducting pipe structure 500 by the combustion gas intro-
duction means, and the combustion gas is introduced to
the uprising pipe 330 and the downfalling pipe 340 via
the upstream pit 210 and the downstream pit 410.
[0056] The number of the second closing means pro-
vided on the third conducting pipe structure is not limited
thereto. For example, in a case where the length of the
third conducting pipe structure is short, one second clos-
ing means may be provided at a position around the mid-
dle of the third conducting pipe structure.
[0057] Further, the position where the second closing
means is provided is not limited so long as the second
closing means can shut off the flow of the glass melt G
in the third conducting pipe structure 500, and may be a
portion other than the portion shown in Fig. 1. For exam-
ple, the second closing means may be provided on a

further upstream side or downstream side of the third
conducting pipe structure 500.
[0058] In the vacuum degassing apparatus 300 shown
in Fig. 1, in a case where the combustion gas from the
preheating burners 530, 540 is introduced to the third
conducting pipe structure 500 by the combustion gas in-
troduction means 550, 560 and is introduced to the up-
rising pipe 330 and the downfalling pipe 340 via the up-
stream pit 210 and the downstream pit 410, the second
closing means 510, 520 preferably shut off also the flow
of a gas in the third conducting pipe structure 500, al-
though it is not essential.
[0059] Further, in the vacuum degassing apparatus
300 shown in Fig. 1, at the time of preheating, the flow
path of the glass melt G in the third conducting pipe struc-
ture 500 is closed by the second closing means 510, 520
to shut off the flow of the glass melt G in the third con-
ducting pipe structure 500, whereby supply of the glass
melt G from the upstream pit 210 to the downstream pit
410 is shut off, and the liquid level of the glass melt G in
the downstream pit 210 is lowered. In such a manner, at
the time of preheating, the liquid level of the glass melt
in the downstream pit 410 is as indicated by the dotted
line in Fig. 1.
[0060] Further, by shutting off the flow of the glass melt
G in the third conducting pipe structure 500, the liquid
level of the glass melt in the third conducting pipe struc-
ture 500 is lowered, and a gaseous phase with a space
sufficient for passage of a large quantity of air flow is
formed in the upper portion of the third conducting pipe
structure 500. Accordingly, the third conducting pipe
structure 500 can be utilized as a path to introduce the
combustion gas from the preheating burners 530, 540 to
the uprising pipe 330 and the downfalling pipe 340. In
order that at the time of preheating, a gaseous phase
with a space sufficient for passage of a large quantity of
air flow is to be formed in the upper portion of the third
conducting pipe structure 500, it is necessary that the
third conducting pipe structure 500 has a high ceiling. In
such a case, it is necessary to make the extension tubes
350 and 360 made of platinum or a platinum alloy, at-
tached to the lower ends of the uprising pipe 330 and the
downfalling pipe 340, long, and such leads to an increase
of the equipment costs, such being unfavorable.
[0061] As described above, the liquid level of the glass
melt G in the upstream pit 210 and in the downstream
pit 410 is lowered and as a result, an operation to lift up
the vacuum degassing apparatus 300 at the time of pre-
heating can be minimized, and depending upon the
height of the liquid level of the glass melt G in the up-
stream pit 210 and the height of the liquid level of the
glass melt G in the downstream pit 410 after the flow of
the glass melt G from the melting vessel 100 is shut off,
preheating may be carried out without operation to lift up
the vacuum degassing apparatus 300.
[0062] As described above, the first closing means 220
is a means to open or close the flow path of the glass
melt G in the first conducting pipe structure 200 by an
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optional operation. The second closing means 510, 520
are means to open or close the flow path of the glass
melt G in the third conducting pipe structure 500 by an
optional operation. The first closing means 220 and the
second closing means 510, 520 preferably rapidly and
securely close the flow path of the glass melt G without
any complicated mechanism, since the object to be
closed is the flow path of high temperature glass melt.
[0063] As mentioned above, the functions required for
the first closing means 220 and the second closing means
510, 520 are the same in many aspects. Accordingly, a
preferred embodiment of the first closing means will be
described below, and a preferred embodiment of the sec-
ond closing means is substituted by the description of
the first closing means.
[0064] Figs. 2 and 3 are partial enlarged views illus-
trating a portion on the first conducting pipe structure 200
shown in Fig. 1, where the first closing means 220 is
provided. Fig. 3 is a front sectional view illustrating a por-
tion of the first conducting pipe structure 200 shown in
Fig. 1, where the first closing means 220 is provided, as
observed from the downstream side in a direction of flow
of the glass melt G. Fig. 3 is a sectional view illustrating
the portion shown in Fig. 2 as observed in a state where
the direction of the first closing means is rotated 90° rel-
ative to the vertical axis.
[0065] As shown in Figs. 2 and 3, the first closing
means 220 is a plate-shape product, and is inserted into
the flow path of the glass melt G in the first conducting
pipe structure 200 from above. On the upper part of the
first conducting pipe structure 200, an opening into which
the first closing means 200 is inserted is present. The
plate-shape product constituting the first closing means
220 is made of a refractory material, since it is inserted
into the flow path of the glass melt G in the first conducting
pipe structure 200.
[0066] When the vacuum degassing apparatus 300 is
steadily operated, or when the glass melt G is supplied
from the upstream pit 210 via the third conducting pipe
structure 500 to the downstream pit 410 to set up the
vacuum degassing apparatus 300, the first closing
means 220 is drawn upward (the direction indicated by
the arrow), whereby the flow path of the glass melt G in
the first conducting pipe structure 200 is opened, and the
glass melt G flows from the melting vessel 100 to the
upstream pit 210.
[0067] As mentioned above, the first closing means is
preferably constituted by a plate-shape product inserta-
ble/removable into/from the flow path of the glass melt
in the first conducting pipe structure. Further, the second
closing means is also preferably constituted by a plate-
shape product insertable/removable into/from the flow
path of the glass melt in the second conducting pipe struc-
ture, in the same manner as the first closing means.
[0068] In the glass melt production apparatus accord-
ing to an embodiment of the present invention, in order
to close the flow path of the glass melt G in the first con-
ducting pipe structure 200 by the first closing means 220,

the planner shape of the plate-shape product constituting
the first closing means 220 is preferably substantially the
same as the cross sectional shape of the first conducting
pipe structure 200 at a portion where the plate-shape
product is inserted, as shown in Fig. 3.
[0069] However, in order to facilitate the operation to
insert the first closing means 220 into the flow path of the
glass melt G in the first conducting pipe structure 200
from above and the operation to withdraw it from the flow
path of the glass melt G upward, the first closing means
220 has a substantial wedge shape with a lower portion
in its planer shape and side shape narrower than the
upper portion. Accordingly, as shown in Fig. 3, when the
first flossing means 220 is inserted into the flow path of
the glass melt G in the first conducting pipe structure 200,
a gap is present between the first closing means 220 and
the side wall surfaces of the first conducting pipe structure
200. However, this gap is sufficiently narrow, and the
glass melt G is solidified while it basses through the gap.
As a result, the flow of the glass melt G in the first con-
ducting pipe structure 200 is shut off.
[0070] Here, the plate-shape product constituting the
first closing means 220 may have a structure such that
a cooling medium can flow in its interior. In such a case,
by letting the cooling medium flow through the interior of
the plate-shape product, solidification of the glass melt
G which passes through the gap between the first closing
means 220 and the side wall surfaces of the first con-
ducting pipe structure 200 is accelerated. Further, a
plate-shape product constituting the second closing
means 510, 520 may also have a structure such that a
cooling medium can flow in its interior. In such a case,
the plate-shape product may not be constituted by a re-
fractory material.
[0071] By the first closing means 220 shown in Figs. 2
and 3, the flow of a gas in the first conducting pipe struc-
ture 200 may be shut off, although it is not essential.
[0072] Now, the glass melt production method accord-
ing to an embodiment of the present invention is de-
scribed.
[0073] The glass melt production method according to
an embodiment of the present invention employs the
above-described glass melt production apparatus of the
present invention.
[0074] In the glass melt production method according
to an embodiment of the present invention, before pro-
duction of the glass melt G is started, the inner surface
of the uprising pipe 330, the vacuum degassing vessel
320 and the downfalling pipe 340, constituting the flow
path of the glass melt G in the vacuum degassing appa-
ratus 300, are preheated in accordance with the above-
described procedure. Specifically, the following proce-
dure is conducted. By the first closing means 220, the
flow path of the glass melt G in the first conducting pipe
structure 200 is closed to shut off the flow of the glass
melt G into the upstream pit 210. On that occasion, it is
preferred to close the flow path of the glass melt G in the
third conducting pipe structure 500 by the second closing
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means 510, 520 to shut off also the flow of the glass melt
G in the third conducting pipe structure 500.
[0075] In such a state, the combustion gas from the
preheating burners 530, 540 is introduced to the third
conducting pipe structure 500 by the combustion gas in-
troduction means 550, 560. The combustion gas intro-
duced to the third conducting pipe structure 500 is intro-
duced to the uprising pipe 330 and the downfalling pipe
340 via the upstream pit 210 and the downstream pit 410.
At the time of preheating, it is preferred to provide covers
as shown by reference symbols 23 and 25 in Figs. 2, 4
and 5 in Patent Document 1 on open portions on the
upper side of the upstream pit 210 and the downstream
pit 410. The combustion gas which had preheated the
inner surface of the uprising pipe 330, the vacuum de-
gassing vessel 320 and the downfalling pipe 340 is re-
leased from the exhaust pipe 370 disposed on the upper
end at a center portion of the vacuum degassing vessel
320.
[0076] After completion of preheating, the opening of
the exhaust pipe 370 is air-tightly closed by the cover
380, and the first closing means 220 is operated to open
the flow path of the glass melt G in the first conducting
pipe structure 200 to let the glass melt G flow into the
upstream pit 210. Then, the glass melt G is made to flow
into the vacuum degassing vessel 320 and other portions
while the pressure in the interior of the vacuum degassing
vessel 320 is gradually reduced, and a predetermined
degree of vacuum is kept. Production of the glass melt
G is conducted in the same manner as conventional pro-
cedure. The glass melt G which had flowed into the up-
stream pit 210 is drawn up through the uprising pipe 330
into the vacuum degassing vessel 320. In the vacuum
degassing vessel 320, the glass melt G is degassed. The
glass melt G after degassing descends through the
downfalling pipe 340 and is discharged into the down-
stream pit 410. In such a manner, high quality glass melt
G with less bubbles can be obtained.
[0077] So long as the glass melt produced by the glass
melt production method according to an embodiment of
the present invention is a glass melt produced by a heat
melting method, it is not limited in terms of the composi-
tion. Accordingly, it may be soda lime glass or alkali-free
glass, or may be a mixed alkali glass such as alkali boro-
silicate glass.
[0078] The amount of production of the glass melt is
preferably from 100 to 1000 ton/day, and considering a
change of the type of the glass, incidental equipment,
etc., it is more preferably from 300 to 900 ton/day, further
preferably from 350 to 800 ton/day.
[0079] Now, the glass product production apparatus
according to an embodiment of the present invention will
be described.
[0080] The glass product production apparatus ac-
cording to an embodiment of the present invention com-
prises the above-described glass melt production appa-
ratus according to an embodiment of the present inven-
tion, a forming means to form a glass melt into a formed

product, and an annealing means to anneal the formed
product to obtain a glass product. The forming means
and the annealing means are in accordance with known
technique. For example, as a means for forming plate
glass, an apparatus by a float process, a fusion process
or a down draw process may be mentioned. Among them,
a forming means employing a float bath for the float proc-
ess is preferred in that high quality plate glass with var-
ious thicknesses from a thin plate glass to thick plate
glass can be produced in a large amount. Further, as an
annealing means, for example, an annealing furnace
equipped with a transport roll as a mechanism to trans-
port the glass after forming, and a mechanism to gradu-
ally decrease the temperature of the glass after forming
is commonly employed. The mechanism to gradually de-
crease the temperature supplies the combustion gas or
heat controlled by an electric heater to a necessary po-
sition in the furnace to gradually cool (that is, to anneal)
the glass after forming, whereby the residual stress in-
herent in the glass after forming can be eliminated.
[0081] Now, the glass product production method ac-
cording to an embodiment of the present invention will
be described.
[0082] The glass product production method according
to an embodiment of the present invention comprises a
step of producing a glass melt by the glass melt produc-
tion process according to an embodiment of the present
invention (glass melt production step), a step of forming
the glass melt into a formed product (forming step) and
a step of annealing the glass after forming (annealing
step). The glass melt production step further comprises
a step of preheating the flow path of the glass melt in the
uprising pipe, the vacuum degassing vessel and the
downfalling pipe, and a step of producing the glass melt
after the preheating step.
[0083] Fig. 5 is a flow chart illustrating an embodiment
of a glass product production method of the present in-
vention. Fig. 5 further illustrates a cutting step and other
post-step conducted as the case requires, in addition to
the glass melt production step, the forming step and the
annealing step which are essential in the glass product
production method according to an embodiment of the
present invention. For example, in a case where a glass
plate is to be produced as a glass product, the glass melt
is formed into a glass ribbon in the forming step, which
is cut into a desired size by the cutting step, and a post-
step of polishing the glass edge is conducted as the case
requires, to obtain a glass plate.

INDUSTRIAL APPLICABILITY

[0084] According to the present invention, in a glass
melt production apparatus comprising a vacuum degas-
sing apparatus having a flow path of a glass melt in an
uprising pipe, a vacuum degassing vessel and a down-
falling pipe constituted by a refractory material, a pre-
heating operation before start of operation of the vacuum
degassing apparatus, or a preheating operation at the
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time of setting up of the vacuum degassing apparatus
when production of the glass melt is suspended by some
reason and then production of the glass melt is started
again, is facilitated, and the present invention is useful
in production of a glass melt.
[0085] The entire disclosure of Japanese Patent Ap-
plication No. 2014-150817 filed on July 24, 2014 includ-
ing specification, claims, drawings and summary is in-
corporated herein by reference in its entirety.

REFERENCE SYMBOLS

[0086] 100: melting vessel, 200: first conducting pipe
structure, 210: upstream pit, 220: first closing means,
300: vacuum degassing apparatus, 310: vacuum hous-
ing, 311: suction port, 320: vacuum degassing vessel,
321, 322: suction port, 330: uprising pipe, 340: downfall-
ing pipe, 350: extension tube (uprising pipe side), 360:
extension tube (downfalling pipe side), 370: exhaust
pipe, 380: cover, 390: heat-insulating material, 400: sec-
ond conducting pipe structure, 410:downstream pit, 500:
third conducting pipe structure, 510, 520: second closing
means, 530, 540: preheating burner, 550, 560: combus-
tion gas introduction means.

Claims

1. A glass melt production apparatus, which comprises
a melting vessel; a vacuum degassing apparatus; a
first conducting pipe structure connecting the melting
vessel and the vacuum degassing apparatus; and a
second conducting pipe structure to introduce a
glass melt to a forming means, provided downstream
the vacuum degassing apparatus;
the vacuum degassing apparatus having an uprising
pipe through which the glass melt from the melting
vessel ascends, a vacuum degassing vessel for the
glass melt, and a downfalling pipe through which the
glass melt from the vacuum degassing vessel de-
scends,
at least part of a flow path of the glass melt in the
uprising pipe, the vacuum degassing vessel and the
downfalling pipe being constituted by a refractory
material,
the first conducting pipe structure having an up-
stream pit to supply the glass melt to the uprising
pipe, and
the second conducting pipe structure having a down-
stream pit containing the glass melt from the down-
falling pipe,
wherein the glass melt production apparatus has a
third conducting pipe structure connecting the up-
stream pit and the downstream pit;
a first closing means provided on the first conducing
pipe structure, to shut off the flow of the glass melt
between the melting vessel and the upstream pit;
a preheating burner of the vacuum degassing appa-

ratus disposed at a position from which a combustion
gas can be introduced to the third conducting pipe
structure;
a combustion gas introduction means to introduce a
combustion gas from the preheating burner to the
third conducting pipe structure; and
an exhaust pipe to release the combustion gas, dis-
posed so as to communicate with the upper end of
the vacuum degassing vessel.

2. The glass melt production apparatus according to
Claim 1, which further has a second closing means
provided on the third conducting pipe structure, to
shut off the flow of the glass melt in the third con-
ducting pipe structure.

3. The glass melt production apparatus according to
Claim 1 or 2, wherein the first closing means shuts
off also the flow of a gas between the melting vessel
and the upstream pit.

4. The glass melt production apparatus according to
Claim 2 or 3, wherein the second closing means
shuts off also the flow of a gas in the third conducting
pipe structure.

5. The glass melt production apparatus according to
any one of Claims 1 to 4, wherein the first closing
means is a plate-shape product insertable/removal
into/from the flow path of the glass melt in the first
conducting pipe structure, and the planar shape of
the plate-shape product is substantially the same as
the cross sectional shape of the first conducting pipe
structure at a portion where the plate-shape product
is inserted.

6. The glass melt production apparatus according to
any one of Claims 2 to 5, wherein the second closing
means is a plate-shape product insertable/removal
into/from the flow path of the glass melt in the second
conducting pipe structure, and the planar shape of
the plate-shape product is substantially the same as
the cross sectional shape of the third conducting pipe
structure at a portion where the plate-shape product
is inserted.

7. The glass melt production apparatus according to
any one of Claims 1 to 6, which further has a third
closing means provided on the second conducting
pipe structure, to shut off the flow of the glass melt
in the second conducting pipe structure.

8. A glass product production apparatus, which com-
prises the glass melt production apparatus as de-
fined in any one of Claims 1 to 7, a forming means
to form the glass melt into a formed product, and an
annealing means to anneal the formed product to
obtain a glass product.

17 18 



EP 3 173 384 A1

11

5

10

15

20

25

30

35

40

45

50

55

9. A glass melt production method, which employs a
glass melt production apparatus comprising a melt-
ing vessel; a vacuum degassing apparatus; a first
conducting pipe structure connecting the melting
vessel and the vacuum degassing apparatus; and a
second conducting pipe structure to introduce a
glass melt to a forming means, provided downstream
the vacuum degassing apparatus;
the vacuum degassing apparatus having an uprising
pipe through which the glass melt from the melting
vessel ascends, a vacuum degassing vessel for the
glass melt, and a downfalling pipe through which the
glass melt from the vacuum degassing vessel de-
scends,
at least part of a flow path of the glass melt in the
uprising pipe, the vacuum degassing vessel and the
downfalling pipe being constituted by a refractory
material,
the first conducting pipe structure having an up-
stream pit to supply the glass melt to the uprising
pipe, and
the second conducting pipe structure having a down-
stream pit containing the glass melt from the down-
falling pipe,
wherein the glass melt production apparatus has a
third conducting pipe structure connecting the up-
stream pit and the downstream pit;
a first closing means provided on the first conducing
pipe structure, to shut off the flow of the glass melt
between the melting vessel and the upstream pit;
a preheating burner of the vacuum degassing appa-
ratus disposed at a position from which a combustion
gas can be introduced to the third conducting pipe
structure;
a combustion gas introduction means to introduce a
combustion gas from the preheating burner to the
third conducting pipe structure; and
an exhaust pipe to release the combustion gas, dis-
posed so as to communicate with the upper end of
the vacuum degassing vessel,
wherein a combustion gas from the preheating burn-
er is introduced to the third conducting pipe structure
in a state where the flow of the glass melt between
the melting vessel and the upstream pit is shut off
by the first closing means, to preheat the flow path
of the glass melt in the uprising pipe, the vacuum
degassing vessel and the downfalling pipe, and
wherein after completion of the preheating, the glass
melt is allowed to flow by opening the first closing
means, the pressure in the interior of the vacuum
degassing vessel is reduced to let the glass melt
ascend from the upstream pit through the uprising
pipe and flow into the vacuum degassing vessel, the
glass melt is degassed in the vacuum degassing ves-
sel, and the degassed glass melt is let to descend
through the downfalling pipe and flow out from the
downstream pit to obtain a glass melt.

10. The glass melt production method according to
Claim 9, wherein the glass melt production appara-
tus further has a second closing means provided on
the third conducting pipe structure, to shut off the
flow of the glass melt in the third conducting pipe
structure, and
wherein a combustion gas from the preheating burn-
er is introduced to the third conducting pipe structure
in a state where the flow of the glass melt between
the third conducting pipe structure and the upstream
pit is shut off by the second closing means, to preheat
the flow path of the glass melt in the uprising pipe,
the vacuum degassing vessel and the downfalling
pipe.

11. A glass product production method, which compris-
es a step of preheating the flow path by the glass
melt production method as defined in Claim 9 or 10,
a step of producing a glass melt after the preheating
step, a step of forming the glass melt into a formed
product, and a step of annealing the formed product
to obtain a glass product.
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